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Description 
A Plant for Concentra tion of Tomato Juice 

Technical Field 

The invention relates to a plant for concentrating tomato juice. 
Background Art 

Normally in the concentrating of tomato juice multi-effect concentration plants 
are used which, very briefly, achieve concentration by evaporating the water 
5 content of the juice, done by regulating the temperature and pressure (depression) 
by various amounts in the single plant effects. The plants function well but in 
terms of construction are rather complex and require precise regulating as the 
temperature and pressure levels in the various effects are of critical importance. 
Furthermore, for good plant performance, the temperature of some of the effects 
10 has to be rather high, with the chance of negative consequences regarding the 
product itself. 

The prior art contains falling film concentration plants which comprise an 
evaporator provided with a vertical tube bundle in which a plurality of tubes is 
arranged, ends of which are keyed on two parallel plates, respectively an upper 

15 plate and a lower plate, so that the upper ends of the tubes open into an inlet zone 
of the product, while the lower ends of the tubes open into a bottom zone of the 
evaporator, known as the separation chamber, in which the juice loses water by 
self-evaporation (flash), cools, and exits to be sent on to successive operations. 
The tubes are closed in a sleeve, generally cylindrical and delimited by the two 

20 parallel plates, internally of which a heating fluid circulates, which is generally 
steam produced by a boiler and subsequently laminated by special valves which 
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reduce pressure and temperature thereof in order to bring the values up to the 
desired ones. In this way the external surface of the tubes is struck by the heating 
fluid, while their internal surfaces are occupied by a falling film of product, 
which, as it heats up, loses water in the form of steam and therefore becomes 
5 concentrated. In these plants the tube bundle is often divided into two or more 
sectors which are all closed within the sleeve of the evaporator and are thus all 
working at the same temperature. In this case the product which falls from the 
first section of tubes and arrives at the separation chamber is returned to the top 
of the tube bundle through a return tube arranged internally of the tube bundle; 

10 during its upward return the product, which had cooled in the separation chamber 
due to evaporation, is heated once more, although it is normally at a slightly 
lower temperature than the saturation temperature internally of the chamber; once 
it has reached to top of the evaporator the product is made to fall in the following 
sectors. The product is then extracted from the separation chamber, once it has 

15 passed through the final section. These plants, and their operation, are established 
in the prior art. 

These plants, which with respect to multi-effect concentration plants are easy to 
regulate and function at lower temperatures, are generally used for low- viscosity 
products, such as for example clear juices or milk serum, but are not suitable for 

20 high- viscosity products and products with a large presence of sugars and fibres, 
such as for example tomato juice. Though these plants are undoubtedly simple, 
they do however present certain drawbacks connected to the impossibility of 
guaranteeing a homogeneous distribution of the product along the walls of the 
tubes as well as to the great difficulty of regulating the thickness of the falling 

25 film of product as it descends along the internal walls of the tubes. The thickness 
of the film is in fact not regulable in any way which can be called certain and 
satisfactory, although many attempts have been made to regulate the product inlet 
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delivery or its distribution on the upper plate,, from which the product is 
distributed into the various tubes. Furthermore, the production of steam which 
occurs inside the tubes is not sufficient to guarantee a regular descent of the 
product along the internal walls of the tubes, especially the tubes in the sectors 
5 subsequent to the first, where the product, due to the concentration achieved in 
the preceding passages, has a greater density and a slightly lower temperature 
than that of the operating evaporator, as the product during the return upwards 
does not reach the internal temperature of the evaporator. 
The main aim of the present invention is to obviate the drawbacks in the prior art 
10 by providing a plant for concentration of tomato juice which is simple to regulate 
and able to function at lower temperatures with respect to those needed in 
multiple-effect plants. 

An advantage of the invention is that it enables optimisation of the energy 
necessary for the operation of the whole plant. 
15 These aims and advantages and more besides are all attained by the invention as 
it is characterised in the appended claims. 
Disclosure of Invention 

Further characteristics and advantages of the present invention will better emerge 
from the detailed description that follows of a preferred but non-exclusiye 

20 embodiment of the invention, illustrated purely by way of non-limiting example 
in the accompanying figures of the drawings, in which: 
figure 1 is a diagram of an embodiment of the plant of the invention; 
figure 2 is a detail of a sector of tubes of the evaporator of figure 1. 
With reference to the figures of the drawings, 1 denotes in its entirety an 

25 evaporator, overall of known type, which is provided with an external sleeve, 
generally cylindrical, internally of which there is a heating fluid. Internally of the 
evaporator and more precisely in a central part la thereof delimited by the sleeve, 
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an upper plate 4 and a lower plate 5, a bundle of tubes is arranged, constituted by 
vertical tubes 3 in which the tomato juice to undergo concentration circulates. 
The tubes are differentiated, as will be better described herein below, into return 
tubes 3r and descending tubes 3s for the tomato juice. 

A juice inlet and distribution zone 4a is located in the evaporator above the upper 
plate 4. The inlet 4a is superiorly delimited by a distribution plate 4b. There is 
also a bottom zone, or separation chamber 5a below the lower plate 5, in which 
chamber the tomato juice falling from the tubes 3 is collected and from which, 
as will be better clarified herein below, the concentrated tomato juice is extracted. 
The lower ends of the tubes 3 are keyed on the lower plate 5; the upper ends of 
the tubes 3s are keyed on the upper plate 4 while the upper ends of the tubes 3r 
cross the upper plate 4 and are keyed on the distribution plate 4b which is 
provided with holes through which the juice falls and is distributed in the inlet 
zone 4a before it enters the tubes 3 s and falls towards the chamber 5a of the 
evaporator. 

Dividing walls 12 and 13 are located in zones 4a and 5 a, which enable the tubes 
3 to be subdivided into a plurality of sectors 3a, 3b, 3c, 3d in which the tomato 
juice circulates in succession. The evaporator exhibits, that is, a plurality of 
sectors of tubes (which in the illustrated embodiment are four in number) 
arranged "in series"; all the tubes of the tube bundle are however contained in the 
sleeve 2 of the central part la of the evaporator and are thus externally subjected 
to the same temperature which exists in the central zone. As in passing from one 
sector to another the product being worked loses water (by evaporation or self- 
evaporation), and the juice flow rate diminishes, each sector has a smaller number 
of tubes than the previous one. 

The plant further comprises means for recirculation, which in the preferred 
embodiment are represented by known-type pumps 6a, 6b, 6c, which take the 
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tomato juice from a sector of the separation chamber and send it, through the 
return tubes 3r, into the inlet zone of the following sector, thus creating a "series" 
pathway for the tomato juice through the various tube sectors. 
The plant of the invention further comprises a compressor 8 which is of known 
5 type and which aspirates the steam from the separation chamber 5a zone of the 
evaporator, compresses it and introduces it into the central part la of the 
evaporator which contains the tube bundle. 

The part of the plant described up to now is however, as mentioned, of known 
type and normally used for concentrating clear juices, for which type of juices 

10 this type of plant does not pose an excessive number of problems. 

The plant further comprises a gas turbine 9 of known type, which is powered by 
live steam coming from a boiler, schematically denoted by 10, generally at a 
pressure of about 12 bar, wtiich powers the compressor 8. The discharge steam 
from the turbine, normally at a pressure of about 1 3 bar, is used as a heating fluid 

15 necessary for plant operation. 

The plant further comprises a heat exchanger 7, for example a tube bundle 
exchanger of known type, which is arranged externally of the evaporator 1 and 
which is supplied by a heating fluid. The heat exchanger is divided into a 
plurality of sectors 7a, 7b, 7c, into each of which, by means of the pumps 6a, 6b, 

20 6c, the tomato juice is sent wlien it has exited from a sector of tubes 3a, 3b, 3c of 
the evaporator 1 . Inside the heat exchanger 7 the juice is heated to the same 
temperature as in the inside of the sleeve 2, i.e. in the central part la of the 
evaporator 1, before being sent into the successive sector. Note that, instead of 
a heat exchanger divided into several sectors, a plurality of heat exchangers could 

25 be used and they could be of a different type to the one indicated herein by way 
of example. 

Also included are one or more heat exchangers external of the evaporator 1, not 
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illustrated in the figures of the drawings, in which the fresh tomato juice is heated 
before being sent into the first sectors of the evaporator 1 . 
A steam ejector 1 1 of known type is included in the plant of the invention. The 
primary fluid of the ejector 1 1 is the steam discharging from the turbine 9. The 
5 ejector extracts the heating fluid from the central part la of the evaporator 1 
which contains the tube bundle; the fluid exiting from the ejector 1 1 is used as a 
heating fluid for the heat exchanger 7. 
The plant functions as now described. 

The temperature internally of the sleeve in the central zone la of the evaporator 
10 1, which includes the tube bundle, is kept at between 72° and 80°C, and in 
particular at a level of about 75°C, which temperature has been shown to be 
especially effective in good plant functioning. The temperature internally of the 
separation chamber 5a of the evaporator 1 is kept at between 67° and 75°C, and 
in particular at about 70°C, which has been shown to be especially effective for 
15 good plant functioning. The relative pressures (depressions) internally of these 
zones, which are saturated with steam, are determined from the steam saturation 
diagram. 

In the central zone la, i.e. internally of the sleeve 2, the desired temperature is 
obtained by means of injection of steam coining from the outlet of the turbine 9; 

20 the condensation is extracted by means of usual condensation extraction systems 
while the non-condensed steam is extracted in the lower zone of the central zone 
la by the ejector 1 1 and is used as a heating fluid for the heat exchanger 7. In the 
separation chamber 5 a, the desired temperature is obtained by extraction of 
steam, done by the compressor 8, which causes a lowering of pressure in the 

25 zone, with a consequent self-evaporation of the product and reduction of the 
temperature; the steam compressed by the compressor 8 is sent, together with the 
steam coming from the turbine 9, internally of the sleeve 2 containing the tube 
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bundle, i.e. in the central zone la of the evaporator 1. 

The fresh product, after having been heated to a temperature of 75°C (or in any 
case to the temperature present inside the sleeve 2) in pre-heaters supplied by 
steam coming from the ejector 1 1, is sent through the return conduit 3r of the first 

5 sector of the tube bundle 3, into the first sector of the distribution plate 4b; the 
product reaches, from the holes of the plate 4b, the inlet zone 4a of the juice and 
from here descends along the internal walls of the tubes 3s of the first sector 3a 
of the tube bundle. During the fall, the juice, which exchanges heat with the tube 
walls, produces steam for evaporation; this steam, which falls internally of the 

10 tubes towards the separation chamber 5a of the evaporator (from which the steam 
is aspirated by the compressor 8 which thus reduces the pressure of the steam), 
determines a regular descent of the juice along the walls of the tubes and keeps 
the juice viscosity at optimal levels. 

When the juice arrives in the sector of the separation chamber 5a which 
15 corresponds to the first tube sector, the juice concentrates further by self- 
evaporation and consequently cools to a temperature which, in the illustrated 
example, is 70°C. The pump 6a removes the juice from the separation chamber 
5a, sends it to the sector 7a of the heat exchanger 7 in which it is heated to a 
temperature of 75°C and introduces it into the return tube of the second sector 3b 
20 of tubes and, in the same way as described before, sends it to runs through all the 
sectors of the evaporator tubes. 

Once the juice has reached the final sector of the separation chamber 5a, in the 
illustrated and described example corresponding to the fourth sector of tubes 3d, 
the concentrated juice is removed to be sent on to following work operations. For 
25 example, with the plant of the invention a juice at initial density 4.5 Brix is 
brought to a final density of 8.5 Brix. 

The heating of the juice in the passage from one tube sector to the following one, 
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done by means of a heat exchanger external of the evaporator 1, enables an exact 
determination of the temperature of the juice entering the various tube sectors, 
which in the prior art plants is not easily obtainable as they pass the juice only 
through the return tubes internal of the evaporator 1. During the descent of the 
5 juice in the descent tubes, the production of steam by evaporation is precisely 
controllable and is sufficient to guarantee both correct descent of the juice along 
the tubes and a desired consistency of the product on the internal wall of the 
tubes. In this way, even with dense juices rich in sugars and/or fibres, like tomato 
juice, the concentration plant will function well and can be easily and precisely 
10 regulated. 

The use of a falling-film evaporator for tomato juice concentration, made possible 
by the special realisation of the plant of the invention, enables tomato juice to be 
concentrated at temperatures which are decidedly lower than those necessary in 
multi-effect concentration plants (which go above 90°C), with a consequent 

15 qualitative improvement of the concentrated juice obtained. 

Furthermore, the use of a gas turbine for activating the compressor means using 
the steam energy produced in the boiler, which steam has however to be 
laminated in order to be brought to the pressures suitable for introduction into the 
evaporator, all of which constitutes a considerable energy saving with respect to 

20 normal plants, which use compressors powered by electric motors. Thus the 
electrical plant of the concentration plant is much simplified, a very useful result 
as the electrical plant, due to the presence of much humidity typical of these 
plants, is always a rather delicate component. 



